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(54) FET bias circuit 



(57) A gate bias voltage (Vgsdc) of a FET is com- 
pared at an operational amplifier (A) with a reference 
voltage and closed-loop control is performed on the gate 
bias voltage (Vgsdc) of the FET with the output of the 
operational amplifier (A). The temperature characteris- 
tics of the mutual conductance of the FET is compen- 
sated by setting the temperature characteristics of one 



■ or both resistors (R1 , R2). Variations in a drain bias cur- 
rent (Idsdc) due to input signal level and temperature 
changes can be suppressed. The circuit at the gate and 
the circuit at the drain are separate, making possible 
class A, class AB, and class B operations. The voltage 
drop at the gate resistor (Rg) can be ignored so that the 
gate resistor (Rg) can be designed with priority given to 
stability of the RF characteristics. 
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D s ription 

BACKGROUND OF THE INVENTION ' ' // *; ' * ' 

1 . Field of the Invention , . . ' '] \. : ' ; ' - ' V'.'* \''\ ■ 
[0001] The present invention relates to a circuit for biasing a field effect transistor (RET). 

2. Description of the Related Art C ~r.<... , \ \i..t*7> \. \ ,., ... 
^[0002]-7pircuits empl^hg; 

tions equipment. Fig.. 3 shows an example of an RF amplifier using an FET. The FET in the figure is, for example, a 
GaAs FET. This FET amplifies an input signal that is supplied to the gate from an input terminal IN via- a. capacitor C1 
, ; and supplies. an amplified signal from the drain to, an Output terminal. OUT via a capacitor C2. The drain of the FET is 
connected to a positive power supply (+VDD) via a resistor Rd, the source, is connected to ground, and the gate is 
connected to a negative power supply (-VSS) via a resistor Rg2. , : 

[0003] Furthermore, a circuit for biasing the FET in Fig. 3js a regulated-current bias circuit that constantly maintains 
a drain bias current Idsdc at a fixed level and conipiises/^'bjppiar transistor Tr1 , resistors Rb1, Rb2, Rg1, Rg2, and 
Rd, arid a diode D1 . One end of resistor Rbl is connected to the positive : power supply (+VDD) an^ the other end is 
connected to the anode of diode D1 . One end of resjstor Rb2 is connected to the cathode of diode D1 and to the base 
of transistor Trl , and the other end is connected to ground. Th erefo re, the series circuit formed from resistors Rb1 and 
Rb2 arid diode D1is a dividing i circuit for dividing the supply voltage VDD to generate voltage Vb and applying it to the 
base of trans istor Tr1. The series .circuit is also. a temperature compensation. circuit for compensating through diode 
D1 a temperature dependency appearing in the base^mitteryoltage of transistor Tr1. and i turn the emitter current. 
In relation to this>ompensation operation, it should be noted that the ; collector' of transistor Tr1 is connected to th 
gate of the FET via resistor Rgl ,and the emitter is connected. to the drain of, the FET Since transistor Tr1 . is provided 
in this sort of configuration; the dra^ (VDD-Vb Vbe)/ 

^ Rd mainly due to* the action [of the diode. D1 even, if a change, occurs in the emitter voltage, of transistor Trt due to a 
change in temperature; Furthermore, since the gaWimpedance of the,>ET , .which is ideally infinite, is actually a finite 
value, a minute current flows to the gate of the FET. This gate current,! gsdc is limited by resistors Rg1 and Rg2, which 
are connected to the gate.of the FET, so that the, lo rig-term! reliability of the FET is maintained. Furthermore, , since 
resistor Rg1 is provided, the impedance when viewing the transistor Trt from the FET is that much higher and th 
radio .frequency amplification characteristics; b^bme'-mbre stable! \^ \ - . ' 

[0004] Regarding the regulation of the drain bias .current Idsdc as a constant current, refer to Japanese Patent Laid- 
Open Publication No. Hei 7-321561 |, Regarding temperature compensation by. the diode D1, refer to Japanese Patent 
LaidOpen Publication No. Hei 5 : 175747., Furthermore, the gate bias voltage, gate current, drain bias voltage, and drain 
bias current are respectively denoted in the.figure by Vgsdc, lgsdc,.Vdsdc, and Idsdc during no signal input and Vgsrf, 
. Igsrf, Vdsrf , and, Idsrf during 4 signal ; ,ampiificatiori, (when the, output signal level is high). In4he description hereinafter,' 
Vgsdc, Igsdc, Vbsdc, and .ldsdc are used^forthasymbpjs or variable names, unless whenever a distinction is required! 
[0005] In the circuit.shown in Rig: 3, the emitter current of trans istor Trt is supplied via resistor Rd. Thus, the power 
dissipation at resistor Rd is large compared to tha circuit of Rig. 4 to be described .hereinafter Furthermore, since the 
, drain bias current. Idsdc is regulated as a constant current, the. circuit of .Fig.. 3 cannot be used in a class AB or class 
B amplification mode in which the drain current varies according to the input signal level. Namely the circuit of Rig 3 
can only be used for class A amplification. Thus, it is difficu It to ( achieve large power amplification at a high efficiency 
[0006] A regulated voltage bias circuit that does not have this type of problem is shown in Fig, 4. In the circuit shown 
in this figure, the output voltage of the constant voltage source V1 that is implemented from a resistance-type dividing Tv 
circuit, a voltage regulator, an operational amplifier, and so forth, is applied to the gate of the FET via the resistor Rg. 
Since the circuit at the gate side of the FET, is completely separate from the.circuit at the drain side in the figure, the 
drain bias current Idsdc can be. more freejy set unlike the circuit of Rig. 3, Therefore, the FET can be made to function, 
in. a class A, class AB, pr class B ( configuration^ Namely,, by,, configuring the constant voltage source V1 so that th 
output voltage can be adjusted and by. adjusting the output voltage of the constant voltage source V1 to an appropriate 
value, the gate, bias voltage Vgsdc can be set to. a target value,, and in turn the drain bias current Idsdc can be set to 
an appropriate yalue. Thus, the.circuit sho.w 

in class A operation to4aj^e^gnj*L^ Furthermore, the gate bias voltage 

Vgsdc is applied.from the constant voltage source y\ via resistor Rg.Thus, the gate bias current Idsdc is limited by 
resistor Rg so that the long-term reliability^ th f FET canbemaintained. Ror the same reason, the impedance is high 
when th constant voltage source V1 is viewed from th FET, to further stabilize the RF amplifiSaTibTTc^^ 
[0007] However, the above-mentioned. con 
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[0008] First, a compensation circuit having a complex configuration becomes necessary when implementing the 
circuit shown in Fig. 4. Here, the compensation circuit refers to a circuit for compensating for variations in the gate 
current Igs accompanying changes in the input signal level, temperature, and so forth; When the gate current Igsdc 
varies, the gate bias voltage Vgsdc and further the drain bias current Idsdc also varies as a result. More specifically, 
5 the amount of change Aldsdc in the drain bias current Idsdc pan be, expressed in the following equation: 



Aldsdc = < AVgsdcl+AVgsdc2 ) * (gm+Agm) * 
. - ■ = . ( A:Igsdcl+Algs.dc2.) * ( gm+Agm) *Rg . -v . 

In this equation ,- AVgsdcl and AlgsdcY are 1 respectively the amount of change in the gate bias voltage Vgsdc and in 
t he-gate current Igsdc accompanying the change in input signal level, AVgsdc2 and Algsdc2 are respectively the arriount 

*5 : of change in the gate bias : voltage Vgsdc and In the gate current Igsdc accompanying the change in temperature, gm 
is the mutual conductance of the FEET, andAgm isthe^ambtfrit of change in gm accompanying the change in temperature: 
[0009] Generally, Aldsdc appearing in the equation is a quadratic functibn of temperature and Agm is a linear function. 
Thus, with no temperature compensation; the' temperature characteristic of the drain bias current Idsdc approximates 
the quadratic function characteristic, for example, as shown by Ihe broken line in Fig. 5. Obviously, sb^as to preferably 

20 compensate for this temperature' characteristic, a temp&rature compensation 'circuit having a quadratic function char- 
acteristic is necessary. A temperature compensation circuit having such a characteristic generally has a complex con- 
fig u rat ion, "and the use of such atempe rat u re compensation circuit in configuring an RF amplifier results in ah increase 
■ in circuit size and in' trie cost of the 'amplifier However, if a temperature compensation circuit having a linear function 
characteristic is used thereby avoiding a complex circuit configuration, the temperature dependency is not well^corn- 

25 pensated and persists in the characteristic after temperature compensation, as shown by the solid line, in Fig. 5. 

[0010] During no signal input, the gate bias' voltage Vgsdc becomes higher than the output voltage of the constant 
voltage source V1 due to the voltage drop at resistor Rg. r Furthermore, when the gate current Igsdc increases due to 
a rise in temperature /the* voltage drop at resistorRg increases. When the voltage drop at resistor Rg ihcreasesfth 
gate bias voltage Vgsdc rises further. When the gate "bias" voltage Vjgsdc increases, the drain bias current Idsdc in- 

30 . creases. This increase, namely, the increase acc^pahying 1 the rise in temperature, is denoted by A Igsdc? innhe 
1 equation given above, and is a quadratic furictiorial increase. If temperature compensation is not performed or is in- 
sufficiently performed, the FET may also becbme ! susceptfble to thermal runaway caused by, the increase Algsdc2 
accompanying the rise in temperature. FurthenTiore/Wheh a GaAs FET is used, during large signal amplification, 1 the 
-direction of flow of the gate current Igsdc reverses as shown in Fig. 4. (Igsrf is a reverse flow.) When the gate current 

35 - • Igsrf flows from the constant voltage source Vi toThe gate, the gater potential of the FET drops (considerably toward 
the negative direction) due to the voltage drbp at resistor Rg. As' a result; the drain bias current Idsrf drops; and thus 
the signal saturation output power of the ^ / . 

[0011] The various above-mentioned problems occur due to a combination of the mutual conductance and gate 
current of the FET depending on the temperature and input signal level, and the resistor Rg being used. In particular, 

40 when resistor Rg is set to a 'large value, the change in the gate current Igsdc and-in turn the change in the drain bias 
current Idsdc increase accompanying the change' in tempierature or the change in the input signal level/However, it is 
not preferable to obviate resistor Rg or reduce its value, if resistor 1 Rg is obviated or if the value of resistor Rg is too 
low, long-term reliability cannot be maintained, depending on the rVpebf FET. Furthermore, if the valueof resistor Rg 
is too small, the RF operation becomes uhstab^ 

45 • > ;\ '\.!\ : 3»ii> fl \ " : "V ;* '.( ' . . '' . V / 

SUMMARY OFTHE INVENTION : - ' ( i! — : - - a^Mo ' - ^ . < • 

[0012] It is therefore an object of the present Invention \§ : ptxiQ\Se an 'FET bias circuit as a preferable and simp I 
circuit capable of operating the FETin class A, class ABvancfclass' B configurations arid capable of compensating and 

50 suppressing changes in the gate current Igsdc due to bhah'ge&in temperature or in the level of the input signal to the FET 
[001 3] In order to achieve this object; the circuit at the gate of tHe FET and the circuit at the drain are" separated in 
the present invention so as to be compatible with- all* of 61 ass - A, crisis? A B,' and class B,^ahd closed-loop control is 
performed for the gate bias voltage of the'FET so trM'the'arifiount or chahg^ iri theihppt signal level b'r in temperatur 
can be easily compensated. Namely, the FET bias circWitrelating to the present invention comprises the current limiting 

55 < r sistor Rg, which has a first end ^nd a s'econd end/and'th^ circuit coupled to th current limiting 

resistor Rg. In the present invention, the first end of the"curreht 'limiting 'resistor Rg is connected to the gate of the FET 
Theclosedloop control circuit applies and controls DC voltage to the second end of the current limiting resistor Rg, so 
that the gate bias voltage Vgsdc of the FET, namely, the vbltage' appearing at the first end of the current limiting resistor 
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Rg, becomes equal to the refer nee voltage of a predetermined DC voltage. - 
/ [0014] According to the'present invention , unlike -the constant current bias circuit shown in Fig. 3, the circuit at the 
gate and the circuit at the drain are separate so as to. yield an FET bias/circuit that is capable of stable operation in 
' 'classes where the drain current chang s in apedrdance with the signal jnput Level, and suitable for a wide range of 
• applications'from small signal.amplification'in glass A to large signal amplification in class AB or class B. Furthermore, 
closed-loop control is performed for the gate bias, voltage Vg^^^ changes in the gate bias voltage Vgsdc and 

in turn changes in the operating i point of the FCT (drain bias current Idsdc}, accompanying changes in.the input signal: 
level .or temperature", can bejimited and suppressed"'' . . ..['>,. 

[0015] Furthermore, with the voltage^drop at' the current limiting resistor Ftg being bne'eause, a phenomenon where 
stability of the RF (amplificatioh) characteristic detejio rates px a phenomenon where the saturation output voltage drops 
iwjiem" the in^si^rievel 'is^jgrj" furred m'the^cpnyen 'shpwnjn. Pig'. 4. - In the present invention by , 

corripari^dn, mbvemeht of the FET operating point due to variations Jn the gate current Igsdc is suppressed by the 
ciosed-loop control of the gate bias vohage ygsde.^ constants, the voltage drop at the 

current limiting resistor Rg can be ignored and the value of the current limiti ng resistor Rg can be selected and designed 
with priority given to the stability of the RF characteristic, and the dropJn the saturation output voltage described above 
does not occur. v ; ~ , t . ' '■*. " \ ,.\ ' . '. ' ' "\' \' . " . ' ■ ,' , *■ 

[0016] ' Furthermore/the closed-loop contrpf circuit In thepresent invention can be implemented with a simple circuit 
configuration using an error amplifier. For example, the reference circuitrfor generating the above- 

" mentioned reference voltage can be configured as a"dividjng circuit that can.be obtained by connecting a plurality of 
resistors in series. The reference voltage generation circuit in this case generates the reference voltage by dividing a 
DC voltage of a predetermined value, such asjbe^supply'^ this reference voltage and the gat 

bias voltage of the FET are input by the error amplifier, and a voltage equivalent to their difference is applied to the 
gate of the FET via the current limiting resistor Rg. In this manner, the FET bias circuit relating to the present invention 
can be Implemented using only resistors and an error amplifier] which may be configured from an operational amplifier. 
It should be noted that the reference voltage can also be generated by a. method other than -voltage division and the 
closed-loop control can be performed using components, other than, an operational amplifier. , ; ^ . > * 

• J [0017] Although thephange in the drain >jas current ; ldsdc.due-tp the change in the.mutual conductance gm persists, 
it is a '.'linear characteristic With respect tp .te in many cases, the FET is prevented from its thermal 

runaway without temperature compensation'. If temperature compensation is to be performed to secure further improved 
30 stability, a circuit for such a purpose can easily be configured as a simple, small, and inexpensive circuit having linear 
function characteristics. In particular, if the closed-loop control circuit is to be configured from the operational ;amplif ier 
and reference voltage generation circuit as described, alcove, the ^change > in the drain bias current Idsdc due to the 
' change in the mutual conductance gm can be.compensated by oniy setting and selecting the temperature character- 
istics of the reference voltage generation circuit. For example, jn the. reference voltage generation circuit which is 
preferably implemented with a dividing i circuit, as ajMeast one of the, resistors connected in series, an element, such 
as a temperature sensitive element, haying a complementary. temperature characteristics with respect to the temper- 
ature cbaracteristics of the mutual "conductance of tha FET is used, to cancel the temperature characteristics occurring 
Jn the;d|am t current of the FET caused by the temperature characteristics : ot the mutual conductance, of, the FET, > 

40 BRjEF DESCRIPTION OF THE DRAWINGS v .... ... ['.' \ v ' '.'.' / . . 

[0018] Fig. 1 is a circuit diagram showing 
. relating to'ah.embp&iment pf the present, invention/ ..'= , J7 .., f '" 1,. . „,.." ' , 

[0019] Fijg'.;? shows a temperature compensation operation j.Ojtherembpdiment. •• 
45 [0020] Fig. 3 is a circuit diagram showi^ , . 

[0021] Fig, 4 is a circuit diagram showing , 
[0022] Fig. 5 shows ^ tem^^ 

D ETAI L ED D E$C R I F»TI ON OF. Tri E P R E F E R R E D ■ E M BO D I ME NTS . . : . >. . , 

[0023] A preferred embodiment of the, present invention, wjlj be described hereinafter with reference to the drawings. 
An identical epmponent^with.tha^ in Figs, 3 and ,4" is given an identical reference 

numeral and its description is omitted. * , , 

[0024] Fig. 1 shows an eyample.conf igur^ an,RF.amplifier that>uses the FET bias .circuit relating to an embod- 
t iment of the present invention. The circuit 'shown in this figure is characterized by the circuit at the gat and the circuit 
at the drain of the FET being s parated each other, a closed-loop control circuit coupled.to the gate resistor Rg being 
provided, the closed-loop control circuit being configured using an operational amplifier A, and so forth. 
[0025] A reference voltage is applied to the non-inverted input terminal of the operational amplifier A and the gate 
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bias voltage Vgsdc of the FET is applied to the inverted input terminal, the output of the operational amplifier A.that 
is generated in accordance with these applied voltages is applied to the gate of the FET via resistor Rg. The, reference 
voltage that is input by the operational amplifier A is generated by the reference voltage generation circuit comprising 
•resistors Rv, RVand R2. More specifically, the supply voltage from the negative power supply (-VSS) is divided by 
' these resistors so as to generate the reference voltage at the point connecting the resistors R1 and R2..RV is a variable 
resistor and' the adjustment of its resistance enables the reference voltage to be adjusted. f _ 
[0026] ' The operational amplifier" A operates as a voltage follower. Nanr«ly;_tWeyoJiage'that.is applied to the'inverted 
inputterminal becomes equal to the reference voltage that is applied to the non-inve>ted injautterminal of the operational 
amplifier A. Described in more detail, the gate current' Igsdc that flows but of the FET, flows into the output terminal of 
the operational-amplifier A via resistor' Rg, r and conversely^ thb gate'cu'rrent Igsrf that flows into the FET is discharged 
from the operational amplifier A via resistor Rg. In any of these'cases\ a voltage drop develops at' the current limiting 
Vesistor Rg: In the present embodiment, since the ope rational amplifier A controls the gate bias voltage Vgsdc of the 
FET so as to become equal to the referehde voltage, the gate bias voltage* Vgsdc is kept constant, independently of 
the voltage drop. :; " v ' • ; • ■ ' - 1 ; ; ' "*',','/" 

[0027] In this manner, in the present embodiments which the closed : loop control of trie gate bias voltage Vgsdc of 
the FET is performed, the circuit at the gate of the FET and the circuit at the drain are separate so that, unlike the prior 
art shown in Fig. 3, the FET can be bperated irt any'of^a class A; class ;AB, or class B configuration. Furthermore, the 
change in the gate bias voltage Vgsdc that occurs wireri the input signal level or the temperature changes can be 
suppressed by the closed-loop control of trie gaie biaf voltage Vgsdc. Thus, even when the input signal level or th 
temperature changes/the FET can be opeVafed at a constant gate bias voltage Vgsdc, variations in the drain current 
Idsdc, such as due to the input 1 signal level, are prevbrited, and the movement of the FET operating point can b 
eliminated.* '* : • 1 ; : " ■ ." f * : " Ti ' T ~ ~ - 

[0028] Furthermore, since the voltage drop at the reslstbr'Rg can be; ignored/the value of resistor Rg can be selected 
and designed with priority given to the stability of the RF characteristics, and a drop in the saturation output power that 
occurred in the circuit shown in Fig : 4cari beprevented! ' _ " ^ 

[0029] Furthermore, as described earlier, trie mutual conductance gm of the FET has a linear temperature charac- 
- teristic. Therefore, in the case'where'temperalure cbrfip^rtsatibri is riot applied to the temperature characteristics, the 
drain bias current Idsdc provides linear temperature characteristic's as shoWri by the broken line in Figt2. This sort of 
linear temperature characteristics enables preferable compensation to ; be achieved with a circuit having a simple con- 
figuration. * "" - 1 -y ' / ■ / 1 *. ^ . , : / J ' 

[0030] Using the circuit of the present erribbdirrierit a's f ati exlampie, at least one of either resistor 'R1 T -6rR2 forming 
the reference voltage generation circuit is a temperature" sensitive' element, and the temperature characteristic of the 
mutual conductance gm of the FET is afie^t'a^r&imately cbmperisated/by trie temperature characteristic of the 
temperature sensitive element. As a result, the characteristic shown by the~soljd line iri Fig. 2, namely^achar^cteristic 
having almost no change in the drafiri bias currbht Idsdc with Respect to temperature, can be achieved. Further, the 
temperature characteristics shown by the broken lirie ih- Fig. 2 is a linear characteristib Vising toward the right. Thus, 
in order to achieve the characteristic shbwnby the solid line, either a" temperature sensitive element having a positive 
temperature coefficient is used for resisforRi', a temperature sensitive element having a negative temperature coef- 
ficient is used for resistor R2, or both are used. • ■ * - 
[00*31] Furthermore, since the temperature characteristic of the drain bias current ldsdc has a linear characteristic 
as described above, thermal runaway of the FET or the resultant damage can be preferably prevented. . 
[0032] Additionally, the present invention can be^rnplemented ih a form other than the circuit shown in Fig.'l . First, 
depending on the FET, a positive power supply is used instead "off "the -v*SS. Furthermore, although a GaAs FET may 
be given as the type of FET, the present inventibn is aisb applicable to other types of FETs. The operational amplifier 
A is an example of a comparator amplifier or : ari i error ai^pTlfierfan ; d the present invention can generally be implerherited 
using a comparator amplifier or an error amplifier: although resistor Rs Is inserted before 
the inverted input terminal of the operational amplifier A to suppress the : input signal branched to the inverted input 
terminal of the operational amplifier A, a coil, a capacitor, or other device may also be used in combination. Furthermore, 
the closed-loop control circuit for the gate bias- vbtta^e* Vgstic may be configured using components other than th 
resistance-type dividing circuit and the operational amplifier A. For example, a voltage regulator may be used instead 
of the reference voltage generation circuit that is : based' bri resistance-type voltage dividing. In the case where th 
voltage regulator is used to generate the reference voltag^ the voltage regulator must be set or 
controlled to decrease with the rise in temperature. " ' 
[0033] While there has been described what are at pf sent' cons ideredlb be pref erred embodiments of the inv /ition, 
it will be understood that various modifications may b made'th "reto,'and it is int' rided t'h'at the appended claims cover 
all such modifications as fall within the true spirit and scope of the ihveritibnY ' 1 v ' 
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Claims 

1 . A circuit for biasing an FET having a gate, a drain, and a source, and comprising a current limiting resistor (Rg) 
haying a first end and a second end, said first end being connected to said gate, said circuit characterized by: 

a closed-loop control circuit connectedto said second end, applying and controlling DC voltage to said second 
end, so that a gate bias voltage (Vgsdc) thatjs applied to said gate becomes equal to a reference voltage of a 
predetermined DC voltage. 

. 2. the circuit according to claim 1 wherein: 

__.^a!PLplpsed : lp^ generation circuit (R1. R2, RV)that_generates _ _ 

• • • •••• -said reference voltage, and an error amplifier (A) that inputs the reference voltage and said gate bias voltage and - — 

applies a voltage equivalent to the difference of both inputs to said gate via said current limiting resistor (Rg). 

3. The circuit according to claim. 2 wherein: 

said reference voltage generation circuit has complementary temperature characteristics with respect to the 
temperature characteristics of mutual conductance of said FET so as to cancel the temperature characteristics 
occurring in, drain current of said FET caused by temperature characteristics of mutual conductance of said FET. 
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